The 42 days trial was carried out using 140 piglets weaned at 28 days of age. The piglets were allocated according to weight and sex to the 5 dietary treatments with 7 replicates for each treatments (4 pens x 4 castrated males and 3 pens x 4 females). The piglets were fed according to the following experimental design: 1) control diet (CTR) with soybean meal (SBM) 44% c.p. as protein source; 2) CRT diets with 200 g/kg of raw pea (Pisum sativum) (RP); 3) CTR diet with 200 g/kg extruded pea (EP); 4) CRT diet with 170 g/kg raw lupin (Lupinus albus var. Multitalia) (RL); 5) CTR diet with 170 g/kg of extruded lupin (EL). During the trial, animals were weighed at 0 -21 and 42 days from the start of the trial. Feed intake was monitored and feed conversion ratio was calculated for the periods 0-21 d and 22-42 d. At the end of the trial, blood samples were taken for 14 animals for each dietary treatment (2 animals per replicate) and analysed for total protein, urea and liver activity (ALT, AST and ALP parameters). Average daily weight gain and feed intake did not differ according to dietary treatments whereas during the total experimental period (0-42 d), feed conversion ratio was higher for EP vs CTR diet (2.35 vs 2.09, respectively; P <0.05). The growth rate for diets with extruded protein sources compared with diets containing the raw ingredients did not differ. Feed conversion ratio for the RP was numerically higher than for the EP (2.35 vs 2.16 and 2.76 vs 2.32, respectively during 22-42 d and 0-42 d periods). Blood parameters did not show significant difference among dietary treatments except for higher total protein for CTR diet vs RL diet, EL and RP (67.3 vs 62.2, 62.8 and 63.6 g/l, respectively; P<0.05) and urea that resulted the highest with CTR diet vs RL and RL (4.7 vs 3.7 and 3.8 mmol/l respectively; P<0.05). 
Introduction
In the past, the nutrient requirements of monogastric animals were met using meals of animal origin and soybean meal (SBM). The ban on using meat and meat and bone meal, following the BSE emergency, together with the growing market price of SBM totally imported from non-European markets, and consumer and institutional scepticism regarding Genetically Modified Organism (GMO) feed ingredients used in animal nutrition, have lead to growing interest in the using of legumes like pea, lupin, faba beans etc. as alternative protein sources to SBM. Much research has been conducted on these raw materials to evaluate their feeding value, the level of use, anti-nutritional factors content and the growing performances of animals. In nutrition and feeding strategies regarding pigs, many studies have been recently conducted on pea (Bertrand et al., 1980; Gatel and Grosjean, 1990; Jacyno et al., 1992; Perez J.M. and Bourdon D., 1992; Castell et al., 1996; Alonso et al., 2000a; Alonso et al., 2001; Mariscal-Landin et al., 2002) , lupin (Fernandez and Batterham, 1995; McNiven and Castell, 1995; Gdala et al., 1996; Noblet and Bourdon, 1997; King et al., 2000; Salgado et al., 2002; Ferguson et al., 2003; Cherriere et al., 2003; Froidmont et al., 2003) faba bean (Jacyno et al., 1992; Flis et al., 1999; Alonso et al., 2000b; Mariscal-Landin et al., 2002; Salgado et al., 2002; Berger et al., 2003) .
The inclusion of these alternative protein sources as ingredients in animal diets have to be carefully evaluated because in some cases negative effects have been noted on the growth rate, mainly in young animals. The decreased rate can be attributed to the presence of anti-nutritional factors such as tannins, lectins, protease inhibitors, non-starch-polysaccharides (NSP) and alkaloids in varying amounts according to species or cultivar (Gatel and Grosjean, 1990; Gatel 1994; Castell et al., 1996; Gdala et al., 1996) . Negative effects can be minimised by choosing suitable quantities to include in the diet for these ingredients (McNiven and Castell, 1995) or using technological treatments such as flacking, expansion, extrusion, micronization etc. (Gatel, 1994; Alonso et al., 2000a; Alonso et al., 2000b; Alonso et al., 2001; Mariscal-Landin et al., 2002) .
The effects of technological treatments seems to vary with the growing period of pigs; indeed, while the poor effects of pelleting, autoclaving, flaking and extrusion of pea have been noted in growing-finishing pigs (Gatel, 1994) , a significant increase in the apparent digestibility of pea proteins due to extrusion treatment has been demonstrated in weaned pigs (Bengala Freire et al., 1991) . Some authors have studied the effects of pea extrusion (Alonso et al., 1998; Alonso et al., 2000a) on the level of Non Starch Polysaccharide (NSP) and anti-nutritional factors on starch digestibility, protein and energy, while Mariscal-Landin et al. (2002) have demonstrated higher apparent digestibility of pea amino acids, mainly tryptophan and cystin, as a result of extrusion treatment.
The aim of this study was to verify the possibility of using high levels of inclusion of pea seeds (Pisum sativum) RL, EL e RP (rispettivamente 67, 3 vs 62, 2, 62, 8 e 63, 6; P<0, 05) e per l'urea che risulta superiore nella dieta CTR vs RL e EL (4, 7 vs 3, 7 e 3, 8 mmol/l rispettivamente; P<0, 05) .
Parole chiave: Suino, Pisello, Lupino, Fonti proteiche, Estrusione. var. multitalia) as the main protein source in the diet of weaned pigs and the effect of extrusion treatment on performance.
Material and methods

Animals and housing
The study was carried out in the CERZOO facility (S. Bonico, PC, Italy) with (LW x L) x D female and castrated male commercial piglets. Animals were weighed and selected out of groups and vaccinated for typical disease prevention. The experimental design compares five different diets fed to pigs housed in five blocks with 7 replicates for each experimental diet, as follows: after a preexperimental period of 19 days, 140 animals (10.4 ± 2.01 kg l.w.) were randomly distributed into 5 homogeneous groups of 28 animals each (16 castrated males and 12 females per dietary treatments), in order to achieve maximum homogeneity within each group and minimum differences between all trial groups. The 28 piglets for each dietary regime were divided into 7 pens (replicates), each pen containing 4 piglets of the same sex. The diets were assigned to the pens in a complete randomised block design using the Randomized Procedure of SAS software (1999) release 8.0. Animals were housed in five rooms of the same facility. Each room was divided in 6 pens of 1 m 2 each. The temperature was regulated by a thermostatically controlled system. The rooms were ventilated with an automatic system regulated for temperature and humidity. Animals had continuous access to feed and water for ad libitum consumption, with one feeder and an automatic drinker for each pen. The isonitrogenous and isoenergetic meal diets were formulated according to INRA (1989) requirements and provided for 42 consecutive days. At 21 and 42 days from the start of the study feed intake (FI) and the feed conversion ratio (FCR) were calculated. According to the CERZOO procedure, during the pre-experimental period the animals were fed medicated feed containing chlortetracycline (1000 mg/kg of a.p.) and spiramicyn (400 mg/kg of a.p.).
Dietary treatments
The experimental diets were produced in the CERZOO facility with a horizontal mixer (500-kg capacity) mixing a basal diet (table 3) with the protein sources (table 1) to be tested. The following experimental diets were compared: 1) Control (CTR): basal diet (84%), SBM (16%); 2) Pea (Pisum sativum) (RP): basal diet (72.99%), RP (20%), SBM (7%) and 0.01% amino acids supplement; 3) Extruded pea (EP): basal diet (72.99%), EP (20%), SBM (7%) and 0.01% amino acids supplement 4) Lupin (Lupinus albus var. multitalia) (RL): basal diet (82.75%), RL (17%) and 0.25% amino acids supplement; 5) Extruded lupin (EL): basal diet (82.75%), EL (17%) and 0.25% amino acids supplement.
Protein sources, basal, control and experimental diets were sampled before the beginning of the trial and during the experimental periods, at the start of the first (0-21 d) and second (22-42 d) growing phase. Samples were analysed for crude protein, ether extract, crude fibre, ash and total sugars according to ASPA (1980) and Martillotti et al. (1987) ; for ADF and NDF (Van Soest et al., 1991) , and for starch according to the polarimetric method (AOAC, 2000) . The digestible and net energy were calculated according to Morgan and Whittemore (1982) and Noblet and Bourdon (1997) equation respectively. Amino acids were determined using the amino acid analyser (Carlo Erba 3A29) (Moore, 1963; Eggum, 1968; Moore et al., 1980) . Tannins and polifenol were analysed using spectrophotometric analysis according to Carmona et al. (1991) ; levels of genistein and daidzein using HPLC and spectrophotometric analysis according to Liggins et al. (1998) and Franke et al. (1994) ; antitripsic activity using the colorimetric methods (Smith et al., 1980) . The chemical characteristics of SBM, pea and lupin seeds are reported in table 1, their antinutritional factors contents are reported in table 2 and the composition and the chemical characteristics of the basal, control and experimental diets are reported in tables 3 and 4 respectively.
Measurements
Animals were individually weighted at the beginning of the trial, and after 21 and 42 days. On the same days FI per pen was also recorded to calculate FCR and the average daily gain (ADG) during the three experimental periods (0-21; 22-42 e 0-42 days of trial) for each replicate.
At the end of the trial blood samples were taken from two animals from each replicate (14 samples per regime, 70 samples total). Blood samples were taken (jugular vein) from 6 hour fasted animals following the Vacutainer ® method with lithium epharine as anticoagulant. Samples were immediately centrifuged and plasma frozen (-20°C). Plasma samples were analysed for urea, total proteins, alanine aminotransferase (ALT), aspartate aminotransferase (AST) alcaline phosphatase (ALP) and total bilirubin according to Bertoni et al. (1998) .
Statistical analysis
The data for live weight, feed intake, ADG and FCR were statistically processed to determine the differences among protein sources. Animals were individually weighted but the pen was the experimental unit. Statistical analysis was performed according to the GLM (General Linear Model) procedure of SAS Institute software package (1999), release 8.0, with protein sources as independent variables in a two-way analysis of variance within a randomised complete bock design, between random error (between rooms variation) as the error 
Results and discussion
Protein sources and diet characteristics
The characteristics of the protein source used and the experimental diets are reported respectively in tables 1 and 2. The composition and the analytical characteristics of the basal and experimental diets are reported respectively in tables 3 and 4. The anti-nutritional factor content in pea seeds and lupin seeds was very low (table 2) and the extrogenic activity factor content (genisteine and daidzeine) were lower vs SBM. Extrusion treatment determined a reduction of the polyphenol content both in pea and in lupin while the antitripsic activity diminished only in pea and was unexpectedly higher in lupin. Other authors (Alonso et al., 1998; Alonso et al. 2000a; Alonso et al. 2000b) have shown that extrusion is the best method to abolish trypsin, chymotrypsin, alphaamilase inhibitors and haemoagglutinating activity. In trial with rats (Alonso et al. 2000a) , ADG was higher when animals were fed extruded pea diet than raw pea; FCR and protein efficiency ratio values greatly increased. Therefore according to authors the extrusion treatment did significantly improve the nutritional quality of pea.
Productive performance
The effect of experimental diets on ADG, FI and FCR are shown in table 5. The inclusion of high levels of pea (200 g/kg) and lupin (170 g/kg) Castell (1995) , utilizing increasing levels of lupin (up to 100 g/kg) in the diet of pigs (from 10 to 20 kg l.w.) showed positive effects on ADG and FCR, while higher levels determine a decrease in performance; this appeared to be due to a reduction of feed intake, rather than a direct effect on amino acid composition or alkaloid content of diets, since feed efficiency was not affected by the level of inclusion in the diet (McNiven and Castell, 1995) . Gdala et al. (1996) did not observe these negative effects using different species of lupin seed meal (Lupinus luteus, L. albus, L. angustifolius) at the inclusion level ranging from 310 to 410 g/kg, which totally substitutes the SBM; only pigs given the L. albus diet had a higher FCR. Also Fernandez and Batterham (1995) founded a positive effect on ADG and on FCR using 408 g/kg of L. angustifolius substituting SBM in growing pigs' diets from 20 to 45 kg l.w.. In a study with younger animals (pigs from 12 to 25 kg l.w.) and using L. angustifolius and L. albus, Cherriere et al. (2003) recommended to limit the inclusion in the diet at 10% of both lupin species. Jacyno et al. (1992) in a trial on growing pigs fed on a diet containing 120 g/kg of lupin or 200 g/kg of pea, showed positive effects of pea on growth performance and on FCR, while lupin determined negative effects on both parameters. Poor information is available on the anti-nutritional content of pea; Castell et al. (1996) recommend maximum inclusion of pea of 100, 200 and 350 g/kg respectively in starter, grower and finisher diets. In a trial with piglets from 6 weeks of age, Bertrand et al. (1980) demonstrated that pea could be used at a maximum level of inclusion of 15-20% as partial substitute of SBM. Few data are available on the effect of the extrusion treatment of pea and lupin on pigs' growth performance. Some authors (Alonso et al., 2000a and 2000b) found that extrusion was the most effective treatment for improving pea protein and starch digestibility when compared with dehulling, soaking and germination. The positive effect of extrusion on starch digestibility has been demonstrated by Masoero et al. (2005) in a recent work; nevertheless, despite these positive effects, the growth rate of pigs does not seem to be positively modified with extruded pea and lupin.
Blood parameters
Data regarding blood parameters are reported in table 6. No significant differences have been noted among dietary treatments for different parameters except for total protein that resulted the highest with CRT diet vs RP, RL and EL ( 67.3 vs 63.6, 62.2 and 62.8 g/l respectively P <0.05) and urea that resulted the highest with CRT diet vs raw and extruded lupin (4.7 vs 3.7 and 3.8 mmol/l respectively; P<0.05). Very few data are available in literature about the effects of pea, lupin and faba on blood parameters. According to Barneveld et al. (1995) the Pisum sativum heated to 150 or 165 degrees for 15 minutes decreased serum protein and serum urea concentrations in growing pigs but in our study no difference was found between RP vs EP or EL. Martinez et al. (1995) found that the inclusion of raw pea as the source of protein in the diet of growing rats induces a reduction in plasma glucose, triglycerides and protein. In a study on piglets fed diets containing 45% raw or extruded pea, Bengala-Freire et al. (1991) showed a marked increase in postprandial serum glucose and insulin concentration in piglets fed on extruded vs raw pea.
The blood parameters ALT, AST and ALP demonstrated that diets containing pea and lupin did not determine negative effects on liver functionality because the values were similar to the control diet.
Conclusions
In conclusion, considering our results and those found in the literature, pea (Pisum sativum) and lupin (Lupinus albus var. multitalia) seeds represent very interesting alternative protein sources to SBM in pigs' diets. In many trials these feedstuffs have been utilized at high level as total or partial substitutes of SBM without determining decreased growing performance; nevertheless, because of some negative effects due to anti-nutritional factors contained mainly in lupin and in the case of a complete lack of analysis of anti-nutritional factors, levels of inclusion in growing pigs' diets should not be more than 100-150 g/kg for lupin or 150-200 g/kg for pea. Data from the literature show that extrusion treatment enhances the nutritional characteristics such as starch and protein digestibility of alternative protein sources and reduces the anti-nutritional factor levels. Nevertheless, our results demonstrate that extrusion has not positive influence to the growing performances of pigs compared to the raw seeds.
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